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Introduction and objective: While pruritus is a common complication in hemodialysis 
patients, the pathophysiological mechanisms remain obscure. Recently, B-type (brain) natriuretic 
peptide (BNP) has been defined as an itch-selective neuropeptide in pruriceptive neurons in 
mice, and higher serum levels of BNP are fi'equently observed in hemodialysis patients. The 
objective of the present study was to evaluate the role of serum BNP in pruritus in patients 
undergoing hemodialysis. 

Patients and methods: The current cross-sectional study was performed on 43 patients 
undergoing maintenance hemodialysis. A visual analog scale (VAS) measuring the general 
severity of pruritus (values from 0 to 10, with higher values indicating more severe pruritus) in 
daytime and at night was self-reported by patients. Each patient's background and laboratory 
tests, including serum BNP in the post-hemodialysis period, were collected. The correlation 
between VAS and clinical parameters was evaluated. 

Results: Both daytime and nighttime VAS scores in diabetic patients were significantly less 
than those in nondiabetic patients. Multiple regression analysis revealed that pruritus in daytime 
was worsened by serum BNP (/?=2.0, t=2A, P=Om), calcium (/J=4.4, t=5.2, P<0.0001), and 
Pj-microglobulin (y3=2.0, t=3.0, P=0.007), while it was eased by age (/3=-2.2, t=-3.2, P=0.0004). 
Nocturnal pruritus was severe in nondiabetic patients (yS=l .7, ;=3.8, /'=0.0005) and weakened 
by the total iron binding capacity {p=-2.9, /=-3.1, P=0.004). 

Conclusion: It is suggested that a higher level of serum BNP increases the pruiitus of hemodialysis 
patients in daytime and that diabetic patients are less sensitive to itch, especially at nighttime. 
Keywords: B-type brain natriuretic peptide, pruritus, hemodialysis, visual analog scale, itch- 
selective neuropeptide, pruriceptive neurons, cerebrospinal fluid 

Introduction 

Pruritus is a common and serious problem among hemodialysis patients.' A brief lit- 
erature review sliowed that pruritus is a problem with a large variation of incident rates 
between countries as well as between facilities (36%-50% and 5%-75%, respectively).' 
In Japan, severity of patient-reported pruritus symptoms experienced over a 4-week 
period was collected from 6,480 patients undergoing hemodialysis in three phases of 
the Dialysis Outcomes and Practice Patterns Study ([DOPPS] 1996-2008; 60-65 study 
facilities/phase).^ Moderate-to-extreme pruritus was experienced by 44% of Japanese 
patients undergoing maintenance hemodialysis.^ Many patient characteristics were sig- 
nificantly associated with pruritus but did not explain the large differences in incidence 
rates in pruritus among facilities (20%-70%).^ Patients with moderate-to-severe pruritus 
were more likely to feel drained and have poor sleep quality and lower quality of life 
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(mental and physical composite score) than patients with no/ 
mild pruritus.^ Pruritus in patients undergoing hemodialysis 
was associated with a 17-23% higher mortality risk.'-^ It has 
been suggested that the relationship between pruritus and 
higher mortality risk associated with hemodialysis patients 
might be explained in large part by pruritus leading to sleep 
disturbances.' 

Despite an apparent reduction in recent years, perhaps 
because of advances in hemodialysis, this symptom still 
occurs with unacceptably high frequency among end-stage 
kidney disease patients. 

Effective treatment options are limited, and the mecha- 
nism of uremic pruritus is multifactorial and not fully 
understood.' A randomized crossover trial of a ji-opioid 
agonist, naltrexone, failed to relieve the uremic patients 
with pruritus."'^ A K-opioid receptor agonist, nalfurafine, 
has been demonstrated to cause a moderate reduction in 
pruritus among hemodialysis patients.' Although other 
approaches and combination therapies have been tried, 
a sufficient reduction in pruritus has not been achieved.' 
Continuous epidural administration of Butorphanol (Stadol, 
Bristol-Myers Squibb, New York, NY, USA), a commer- 
cially available K-opioid agonist and |J,-opioid antagonist, 
relieved pruritus associated with epidural morphine infu- 
sion in children, and the patients with intractable pruritus 
associated with inflammatory skin diseases or systemic 
diseases showed rapid and marked improvement by intra- 
nasal administration with Butorphanol.*' These findings 
suggest that Butorphanol is a potential therapeutic agent 
against uremic pruritus. 

Itching is triggered by somatosensory neurons expressing 
the ion channel TRPVl (transient receptor potential cation 
channel subfamily V member 1).'° Recently, Mishra and 
Hoon reported that the natriuretic polypeptide b (Nppb) is 
expressed within a subset of TRPVl neurons and is charac- 
terized as an itch-selective neuropeptide in mice." Nppb is 
also known as B-type (brain) natriuretic peptide (BNP).'^ 
Although elevated levels of serum BNP are commonly 
observed in hemodialysis patients, the relationship between 
pruritus and BNP has not been revealed. The objective of 
the present study was to evaluate the role of serum BNP in 
pruritus in patients undergoing hemodialysis. 

Patients and methods 

The current cross-sectional study was performed on 
43 patients (31 males and 13 females) undergoing main- 
tenance hemodialysis at the Juntendo University Hospital, 
Tokyo, Japan. Patients who had undergone incidental hemo- 



dialysis and maintenance hemodialysis within the 3 months 
preceding the study were excluded. Baseline characteristics 
were examined from the computed records of the Juntendo 
University Hospital; these included: age; sex; the cause of 
renal failure; post-dialysis BNP; dialysis vintage (year); 
hemoglobin levels; hematocrit; serum iron; total iron binding 
capacity (TIBC); ferritin; calcium; phosphorus; albumin; 
intact parathyroid hormone; pre-dialysis and post-dialysis 
blood urea nitrogen; pre-dialysis and post-dialysis creatinine; 
aspartate aminotransferase (AST); alanine aminotransferase 
(ALT); y-glutamyl transpeptidase (y-GTP); total bilirubin; 
hepatitis B surface antigen and anti-hepatitis C virus with 
the third generation; triglyceride, low-density lipoprotein 
cholesterol; and C-reactive protein. There were two groups 
of patients, comprising those undergoing hemodialysis on 
Mondays, Wednesdays, and Fridays (group 1) and those 
undergoing hemodialysis on Tuesdays, Thursdays, and Sat- 
urdays (group 2). The blood samples were collected from 
the patients in group 1 on June 17, 2013 (Monday) and from 
those in group 2 on June 18, 2013 (Tuesday). The blood 
was obtained just before initiation of hemodialysis as pre- 
dialysis sample and just before termination of the session 
as post-dialysis sample. The patients with diabetes mellitus 
(DM) who showed microalbuminuria (Kidney Disease 
Improving Global Outcomes [KDIGO] CKD albuminuria 
A2) progressed to proteinuria (KDIGO CKD albuminuria 
A3), progressive renal impairment in their clinical course 
were regarded the cause of end-stage kidney disease as 
diabetic nephropathy. The diagnosis was confirmed by the 
presence of diabetic retinopathy. A questionnaire was used to 
assess patients' pruritus. The questionnaires were completed 
during the hemodialysis session when blood samples were 
collected. The patients were asked to report on the severity of 
both their daytime and nighttime pruritus on a visual analog 
scale (VAS) graded from 0 to 10, with grade 0 representing 
no discomfort and grade 10 representing unbearably severe 
pruritus. The distribution of scratching episodes and what 
stimulated their itch sense were also asked as well as VAS 
score. 

The study protocol was approved by the Ethics Review 
Committee of Juntendo University Faculty of Medicine, 
Tokyo, Japan and complied with the tenets of the Declaration 
of Helsinki of 1975. All participants provided written 
informed consent. 

Statistical analysis 

All data are expressed as the mean + standard deviation. 
Comparisons of continuous variables were analyzed 
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using an unpaired ?-test. Simple regression analysis was 
performed between daytime or nighttime VAS and other 
clinical parameters. To determine a suitable combination of 
variables, an Akaike's Information Criterion (AIC)" of each 
different model was applied on a round robin of explanatory 
variables including age, serum BNP, TIBC, ferritin, calcium, 
pre-dialysis creatinine, P2-microglobulin, and C-reactive 
protein. The combination variable that showed minimum AIC 
was selected for the multiple regression analysis. All statis- 
tical examinations were performed using JMP 10 software 
(SAS Institute Inc., Gary, NC, USA), andP<0.05 was con- 
sidered to be statistically significant. 



Table I Clinical characteristics of the patients enrolled in 
the study 



Unit Normal Mean 

range value ± SD 



Age 


Years 




63.5±I0.3 


Sex 


Male/female 




31/13 


Cause of renal failure 


DM/non-DM 




13/31 


Daily VAS 






2.3±2.7 


Nocturnal VAS 






3.l±3.3 


Post-dialysis BNP 






2I7.2±257.I 


Dialysis vintage 


Years 




8.1 ±6.1 


Hemoglobin 


g/dL 


13-18 


1 l.l±0.8 


Hematocrit 


% 


40-52 


34.1 ±2.5 


Iron 


mg/dL 


60-200 


64.6±34 


TIBC 


mg/dL 


250-410 


277±47.6 


Ferritin 


ng/mL 


20-280 


64±70. 1 


Calcium 


mg/dL 


8.2-10 


9.1 ±0.5 


Albumin 


mg/dL 


3.7-5.5 


3.8±0.3 


Phosphorus 


mg/dL 


2.5-4.5 


5.5±l.2 


Intact PTH 


pg/mL 


10-65 


I47± 107.9 


Pre-dialysis BUN 


mg/dL 


<20 


63.9±I3 


Post-dialysis BUN 


mg/dL 


<20 


20.2±5.2 


Pre-dialysis creatinine 


mg/dL 


0.6-1.0 


1 l.3±2.3 


Post-dialysis creatinine 


mg/dL 


0.6-1.0 


4.6±2.8 


Pj-microglobulin 


mg/L 


5-250 


24.7±6. 1 


AST 


lU/L 


<40 


1 l.2±4.6 


ALT 


lU/L 


<40 


8.9±2.6 


Y-GTP 


lU/L 


<50 


23.3±23.6 


Hepatitis B surface antigen 


Positive/negative 




0/44 


Anti-hepatitis C antibody 


Positive/negative 




1/43 


(3rd) 








Total bilirubin 


mg/dL 


<I.O 


0.4±0.l 


Triglyceride 


mg/dL 


50-150 


I20.8±53.2 


LDL-cholesterol 


mg/dL 


<I40 


90.5±2I.2 


C-reactive protein 


mg/dL 


<0.l 


0.3±0.5 



Notes: The normal range of each parameter is set for the general population. 
Abbreviations: y-GTR, "/-glutamyl transpeptidase; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; BNP, B-type (brain) natriuretic peptide; BUN, 
blood urea nitrogen; DM, diabetes mellitus; LDL, low-density lipoprotein; PTH, 
parathyroid hormone; SD, standard deviation; TIBC, total iron binding capacity; 
VAS, visual analog scale. 



Results 

Characteristics of the patients 
enrolled in this study 

Baseline patient characteristics are summarized in Table I . 
The daytime and nighttime VAS scores were 2.3+2.7 and 
3.1+3.3, respectively, which showed a positive correlation 
(7^=0.23, P=0.001). The patients' DM/non-DM ratio was 
13/3 1 (Table 1), and other clinical parameters were controlled 
within the recommended range based on the guidelines for 
maintenance hemodialysis from the Japanese Society for 
Dialysis Therapy."* 

Distributions of scratching episodes varied among the 
patients, but 52% of the patients suffered from pruritus on 
the back and 25% on the lower limbs (Table 2). Pruritus 
was induced by dry conditions in 43%) of the patients; from 
contact with a blanket or synthetic fibers in 30%); and by 
sweating in 30% (Table 3). 

Impact of diabetes status 
on pruritus severity 

The mean daytime VAS in DM patients was 1.0+1.3, 
while that in non-DM patients was 2.9+3.0 (P<0.05). The 
nighttime VAS in DM patients was significantly less than 
that in non-DM patients (0.9+1.6 versus 4.1+3.4, P<0.01) 
(Figure 1). The cause of renal failure (DM or non-DM) was 
adopted as a candidate multiple regression analysis. 

Simple regression analysis between 
VAS and clinical parameters 

Of the studied clinical parameters, serum BNP (r^=0.05, 
P=Q.\2)), calcium (;-^=0.04, P=0.17), pre-dialysis creatinine 
(f^=0.08, P=QM), P^-microglobulin (^2=0.11, P=0.1), and 
C-reactive protein (r^=0.053, P=0.13) showed a weak or 



Table 2 Distributions of scratching episodes in hemodialysis 
patients 





Scratching episodes (n: 


=44) 


Yes, n (%) 


No, n (%) 


Head 


1 (2) 


43 (98) 


Face 


2(5) 


42 (95) 


Neck 


5(11) 


39 (89) 


Upper limbs 


8(18) 


36 (82) 


Breast 


2(5) 


42 (95) 


Abdomen 


5(11) 


39 (89) 


Inguinal region 


2(5) 


42 (95) 


Hip 


2(5) 


42 (95) 


Back 


23 (52) 


21 (48) 


Lower limbs 


1 1 (25) 


33 (75) 
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Table 3 Pruritus stimulatory situation 


In hemodialysis 


patients 




Itchy feeling ( 


n=44) 




1 cb, n I/O 1 


n t/oJ 


Dry conditions 


19 (43) 


25 (57) 


Contact with blanl<et or synthetic fibers 


1 3 (30) 


31 (70) 


Sweating 


13(30) 


31 (70) 


Bathing 


8(18) 


36 (82) 


Relaxed situation 


7(16) 


37 (84) 


Stressful situation 


6(14) 


38 (86) 



mild correlation with daytime VAS (Table 4). BNP {r^=0.07, 
P=0.09), TIBC (r2=0. 12, P=0.02), serum calcium {r^O.059, 
P=0.ll), post-dialysis creatinine (^^=0.05, P=0.n), 
Pj-microglobulin (H=0.11, P=0.11), and C-reactive protein 
(r^=0.053, P=0.13) were weakly correlated to nighttime 
VAS (Table 4). 

Impact of serum BNP 
on pruritus severity 

Multiple regression analysis revealed that age {p=-2.2, 
t=-3.2, P=0.0004), BNP i/3=2.0, t=2.4, P=0.03), TIBC 
iP=2.3, t=2.9, P=0.009), serum calcium iP=4A, t=5.2, 
/'<0.0001), and P^-microglobulin 08=2.0, t=3.0, P=0.007) 
were statistically significant independent factors for daytime 
VAS (Figure 2A). On the other hand, BNP was not shown 
as an independent factor of nighttime VAS. Only DM as the 
cause of renal failure (/3=-1.7, /=-3.8, /'=0.0005) and TIBC 
(P=-2.9, t=-3 . 1 , /'=0.004) were revealed as significant inde- 
pendent factors for nighttime VAS. 

Discussion 

BNP was initially isolated from a porcine brain extract, 
which is homologous to, but definitively distinct from. 



atrial natriuretic peptide (ANP) in terms of its amino acid 
sequence." Since it was later clarified that cardiomyocytes 
mainly produce BNP, BNP was renamed "B-type natriuretic 
peptide", from its previous "brain natriuretic peptide"."" 

It has been reported that BNP is a neuropeptide in pru- 
riceptive neurons." Mice intrathecally given BNP showed 
a scratch response." This finding suggests that a high 
concentration of BNP in cerebrospinal fluid activates pruri- 
ceptive neurons, resulting in itching. 

BNP has been considered as an objective practical guide 
to better tailoring drug treatment to patients with chronic 
heart failure." Higher concentrations of serum BNP are 
frequently observed in poorly weight-controlled hemodi- 
alysis patients. We initially thought the concentration of 
serum BNP was directly linked to that of cerebrospinal fluid 
(CSF) but CSF is not generally regarded as an ultrafiltrate 
or dialysate of plasma.'^ Moreover, the correlation of BNP 
in serum and CSF in hemodialysis patients is unknown. The 
simultaneous measurement of BNP in serum and cerebro- 
spinal fluid has been rarely reported. N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) in cerebrospinal fluid and 
serum is more significantly elevated in patients with severe 
traumatic brain injury, whose intracranial pressure is over 
15 mmHg, than in those in whom this is under 15 mmHg." 
This report suggests that the level of intrathecal BNP is 
responsible for increased intracranial pressure. 

The increased venous pressure is transmitted to dural 
venous sinuses and veins within the cranial cavity. The 
increased pressure in the intracranial veins, dural sinuses, 
and jugular veins results in decreased absorption of cerebro- 
spinal fluid. An increased amount of fluid may accumulate 
in the cisterns around the brain, arachnoid spaces, and, 
sometimes, within cerebral ventricles, resulting in increased 



o 
u 
(/) 

tn 




Non-DM 



Non-DM 



Figure I Impact of serum BNP on pruritus severity. 

Notes: Hemodialysis patients with DM and without DM (non-DM) were compared with VAS at daytime (A) and nighttime (B). Both daytime and nighttime VAS scores in 
DM patients were significantly lower than in non-DM patients {*P<0.05, **P<O.OI, respectively). 
Abbreviations: BNP, B-type (brain) natriuretic peptide; DM, diabetes meltitus; VAS, visual analog scale. 
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Table 4 Simple regression analysis for pruritus in 


daytime and ni; 


jhttime related clinical 


parameters 


in hemodialysis patients 






Versus VAS (dayf 


me) 




Versus VAS (nighttime) 






F-value 


P-value 


r' 


F-value 


P-value 


Age 


0.006 


0.27 


0.6 


0.002 


0.08 


0.79 


BNP 


0.05 


2.4 


0.13 


0.07 


3 


0.09 


Dialysis vintage 


0.002 


0.07 


0.8 


0.03 


1.09 


0.3 


Hemoglobin 


0.002 


0.07 


0.96 


0.0! 


0.44 


0.5 


Hematocrit 


0.00 1 


0.06 


0.81 


0.03 


1.24 


0.27 


Iron 


0.004 


0.18 


0.68 


0.0001 


0.006 


0.94 


TIBC 


0.0003 


0.01 


0.9 


0.12 


5.67 


0.02 


Ferritin 


0.04 


1.4 


0.24 


0.0005 


0.02 


0.88 


Calcium 


0.04 


1.8 


0.17 


0.059 


2.64 


O.ll 


Albumin 


0.004 


0.18 


0.67 


0.0! 


0.44 


0.51 


Phosphorus 


0 002 


0.08 


0.78 


0.0! 


0.47 


0.5 


DXl_l 

Intact r 1 n 


U.UJ 


1.2 


0.29 


0.002 


0.1 


0.76 


rre-dialysis bUN 


U.UUU 1 


0.005 


0.94 


0.00! 


0.04 


0.83 


rost-aiaiysis duin 


Ci nnnv 

U.UUU/ 


0.03 


0.87 


0.012 


0.51 


0.48 


Pre-dialysis creatinine 


0 08 


3.7 


0.06 


0.038 


1.67 


0.2 


Post-dialysis creatinine 


0.03 


1.2 


0.27 


0.05 


2 


0.17 


j32-microglobulin 


0. 1 1 


2.9 


0.1 


0.1! 


2.7 


0.1 1 


AST 


0 008 


0.3 


0.56 


0.008 


0.34 


0.56 


ALT 


0.03 


1.13 


0.29 


0.026 


1.13 


0.29 


Y-GTP 


0.02 


0.72 


0.39 


0.02 


0.73 


0.4 


Total bilirubin 


0.007 


0.14 


0.7 


0.007 


0.14 


0.7 


Triglyceride 


<0.000l 


0 


0.99 


<0.000l 


0 


0.99 


LDL-cholesterol 


0.002 


0.06 


0.8 


0.002 


0.06 


0.8! 


C-reactive protein 


0.053 


2.35 


0.13 


0.053 


2.35 


0.13 


Sex 






0.4 






0.7 



Abbreviations: y-GTP, y-glutamyl transpeptidase; AST, aspartate aminotransferase; ALT. alanine aminotransferase; BNP, B-type (brain) natriuretic peptide; BUN, blood urea 
nitrogen; LDL, low-density lipoprotein; PTH, parathyroid hormone; TIBC, total iron binding capacity; VAS, visual analog scale. 



A 

Intercept 
Age 
BNP 
TIBC 



Ca 



,-MG 



P 

1.7 
-2.2 
2.0 
2.3 

4.4 

2.0 



f value 



P-value 



5.7 
-3.2 
2.4 
2.9 

5.2 
3.0 



0.0004 
0.005 

0.03 
0.009 

<0.0001 
0.007 




t value 
5.3 

-3.8 
3.8 

-3.1 



P-value 

<0.0001 

0.0005 

0.0005 

0.004 



Figure 2 Multiple regression analysis for clinical parameters related to pruritus in hemodialysis patients. 

Notes: (A) The standardized regression coefficients in clinical parameters for daytime VAS In hemodialysis patients. Serum BNP Is significantly related to worsening daytime 
pruritus In hemodialysis patients. (B) The standardized regression coefficients for nighttime VAS. 

Abbreviations: p^-MG, p^-tiicroglobulln; BNP, B-type (brain) natriuretic peptide; DM, diabetes mellltus; TIBC, total Iron binding capacity; VAS, visual analog scale. 
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intracranial pressure.^" Increased systemic venous pressure 
is common in hemodialysis patients and in chronic renal 
failure patients with increased intracranial pressure dra- 
matically improved by hemodialysis.^' Other patients with 
chronic renal failure suffering from intracranial hypertension 
have been clearly relieved by renal transplantation.^^ Most 
hemodialysis patients have an arteriovenous fistula/graft or 
central venous cannulization, which compress the venous 
system. Severe venous congestive encephalopathy resulting 
from arteriovenous graft and cerebral hemorrhage due to 
internal jugular vein stenosis has been reported as cerebral 
venous hypertension.^^'^'' Thus, hemodialysis patients are at 
high risk for venous hypertension resulting in intracranial 
hypertension. These conditions induce a high level BNP in 
both serum and CSF. 

Other candidates in this study that are associated with 
pruritus in hemodialysis patients have been previously 
reported.'-^' TIBC is also a potential cause of pruritus-related 
clinical parameters.^' In this study, TIBC was considered an 
enhancer of daytime itching and an attenuator of nighttime 
itching (Figure 2). Nocturnal pruritus diminishes the quality 
of life by increasing sleep disturbances. It has been noted that 
nocturnal pruritus is different from that which occurs in the 
daytime and is possibly related to the circadian rhythm of itch 
mediators and skin temperature.^' The Janus-faced function 
of TIBC is possibly associated with the differences between 
daytime and nighttime pruritus. 

In this study, diabetic patients showed significantly lower 
VAS in daytime and nighttime than nondiabetic patients. 
Most diabetic hemodialysis patients have diabetic peripheral 
neuropathy.^^ Pruritus is mediated by unmyelinated C-fibers 
and thinly myelinated A5-fiber afferents.^' Neuropathic 
pruritus is common in patients with diabetic peripheral neu- 
ropathy and arises from damage to unmyelinated C-fibers.'" 
C-fibers have been divided into peptidergic and non-pepti- 
dergic subsets, mainly on the basis of neurochemical criteria. 
A large subset of peptidergic neurons expresses TRPVl , and 
TRPVl knockout mice show deficits in histamine-evoked 
scratch response.'" A recent report suggested that TRPVl 
expression is altered in the streptozotocin-induced and 
transgene-mediated type- 1 diabetes mouse model." Thus, 
it is suggested that pruritus signals were blocked not only 
by damaged C-fibers, but also by reduced expression of 
receptors. 

Limitation 

This was a small cross-sectional study based on a single center 



Conclusion 

Serum BNP is one possible cause of daytime pruritus in 
hemodialysis patients. Since it is possible to lower the level 
of serum BNP by lowering target dry weight and minimizing 
weight gain in hemodialysis intervals of patients undergoing 
hemodialysis, lowering the BNP level favors patients 
suffering from pruritus. 
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